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© A system capable of automatically dispensing 
and diluting an accurate volume of a sample is 
provided. The system comprises a removable nozzle 
tip for collecting a predetermined volume of the 
sample, the nozzle tip being inserted into the sample 
to collect the sample by suction; a nozzle compris- 
ing an inner tube and an outer tube onto which said 
nozzle tip is removably mounted, said nozzle having 
a liquid passage through which a reagent flows and 
a gas passage through which a liquid surface-detect- 
ing gas flows defined within the nozzle; a sample 
pump for sucking and discharging the sample and 
the reagent into and out of the nozzle tip; a first 
three-way valve being switched to the side of the 
reagent bottle to communicate said reagent bottle 
with said sample pump or to the side of the nozzle 
to communicate said sample pump with said nozzle; 
a plunger pump for sucking and discharging a liquid 
surface-detecting gas supplied from a gas source; a 



second three-way valve being switched to the side 
of said gas source to communicate said gas source 
with said plunger pump or to the side of said nozzle 
to communicate said plunger pump with the nozzle; 
a pressure sensor provided between said second 
three-way valve and said gas passage in said noz- 
zle; and a two-way valve provided between said 
pressure sensor and said gas passage of said noz- 
zle, and in the vicinity of said nozzle. 

The system may further comprise a controller 
for controlling the motion of the valves, the pumps, 
and the nozzle. 

Also, the system may further comprise an X-Y 
table on which sample containers containing the 
samples, the nozzle tips, and the test tubes into 
which the sample is dispensed are aligned in rows; 
and a means for traveling the nozzle. 



Xerox Copy Centre 



BNSDOCID: <EP 04381 36A2> 



1 EP 0 438 136 A2 2 



AUTOMATED DISPENSING AND DILUTING SYSTEM 



BACKGROUND OF THE INVENTION 



This invention relates to an automated system 
for dispensing and diluting a sample, which is 
capable of dispensing an accurate volume of the 
sample. More particularly, this invention relates to a 
system which is capable of collecting an accurate 
volume of the sample by an accurate detection of 
the sample liquid surface, and which is capable of 
introducing all of the thus collected accurate vol- 
ume of the sample together with a diluting solution 
into the reaction vessel to thereby consistently 
enable an accurate volume of the sample to be 
dispensed. 

In the fields of clinical examination, biochem- 
istry, biotechnology, chemical analysis and the like 
wherein tests involving chemical reactions are fre- 
quently carried out to determine the results, various 
attempts have been made to automate the process 
of tests and measurements. In such tests and mea- 
surements, numerous types of samples each hav- 
ing little volume must be treated, and therefore, a 
step of dispensing, which involves a collection of a 
predetermined volume of the sample by suction, is 
inevitable. For example, in an immunoassay utiliz- 
ing an antigen-antibody reaction, a specimen such 
as serum, plasma, urine and other body fluids 
collected from a living body is repeatedly dis- 
pensed into a number of reaction vessels, and the 
thus dispensed specimens are mixed or diluted 
with a reagent before the test results may be 
obtained. As described above, in the above-men- 
tioned fields, numerous types of specimens must 
be repeatedly dispensed and diluted with reagents, 
and therefore, a number of attempts have been 
made to automate various steps of the dispensing. 

In order to automate the dispensing step, an 
accurate detection of the liquid sample surface in 
the sample container is critical, since, in the auto- 
matic dispensing, the nozzle tip has to be inserted 
into the sample liquid to a predetermined depth to 
collect a predetermined volume of the sample into 
the nozzle tip. An inaccurate detection of the liquid 
surface in the container may result in a decreased 
dispensing precision. For example, when the liquid 
surface detected is higher than the actual surface, 
the depth of the nozzle tip inserted into the liquid 
would be decreased and air may be sucked into 
the nozzle tip to result in a significant decrease of 
the dispensing precision. On the contrary, when the 
liquid surface detected is lower than the actual 
surface and the nozzle tip is inserted into the 
sample solution further than the predetermined 
depth, an increased volume of the sample attached 
to the outer surface of the nozzle tip would be 



introduced into the reaction container, and also, the 
pressure exerted to the gas within the nozzle tip by 
the sample solution would be increased to change 
the gas volume within the nozzle tip to affect the 

5 volume of the sample collected. Consequently, the 
dispensing precision would be decreased. 

Accordingly, various methods for detecting the 
liquid surface as well as the system used therefor 
have been proposed together with sampling and 

w dispensing methods and the systems used there- 
for. 

Japanese Patent Application Kokai No. 56- 
164958 discloses an automatic dispenser wherein a 
negative pressure is applied to a cylinder which is 

75 in communication with a nozzle tip, and the surface 
of the sample liquid is detected by using a pres- 
sure difference induced between atmosphere and 
the interior of the nozzle tip upon contact of the 
nozzle tip with the surface of the liquid sample, and 

20 thereafter, a predetermined volume of the sample 
is collected by using the negative pressure of the 
cylinder. 

Japanese Patent Application Kokai No. 62- 
64912 discloses a dispenser wherein a collection of 

25 the liquid sample by suction is started in response 
to a change of the pressure within the nozzle 
before and after the contact of the lower end of the 
nozzle tip with the liquid sample surface, and the 
volume of the sample dispensed is determined on 

30 the bases or the pressure within the nozzle after 
collecting the sample for a predetermined time. 

Japanese Patent Application Kokai No. 63- 
109330 discloses a liquid surface-detector wherein 
air is discharged and sucked through a nozzle by a 

35 pump, and liquid surface is detected by a change 
of the pressure within the nozzle upon contact of 
the nozzle with the liquid surface. The discharge 
and the suction of the liquid surface-detecting air is 
carried out with a suction pump used for collecting 

40 the sample. 

Japanese Patent Application Kokai No. 63- 
109373 discloses a sampling system wherein air is 
discharged and sucked through a sampling nozzle 
by a compressor, and liquid surface is detected on 

45 the bases of a change of the pressure within the 
sampling nozzle upon access or contact of the 
sampling nozzle with the liquid surface, and there- 
after, the sample solution is collected through the 
sampling nozzle with suction by using a plunger 

so pump. 

In the above-mentioned conventional liquid 
surface-detectors and the liquid dispensers, the 
suction of the sample liquid is carried out after the 
liquid surface detection by reducing the pressure of 
the air used for the liqufd surface detection' in the 

2 
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nozzle, cylinder, gas conduit, pump and the like to 
exert a negative pressure to the sample liquid to 
thereby suck the sample liquid into the nozzle. 
Since the air is a compressible fluid, pressure 
control during the suction is quite difficult. More 
illustratively, the state of the air at the completion 
of the sample collection may vary in accordance 
with the volume and the pressure of the air, and 
the volume of the sample liquid collected rendering 
an accurate control of the volume of the sample 
collected difficult. In particular, a consistent, re- 
peated suction of a small volume of sample with 
little variation from sample to sample as well as 
from system to system is quite difficult to achieve 
with the conventional dispenser system. 

Even if an accurate volume of the sample 
liquid were collected into the nozzle tip, the thus 
collected sample must be discharged into a reac- 
tion vessel such as a test tube for the subsequent 
reaction or measurement of, for example, concen- 
tration, and upon such a discharge, a considerable 
amount of the sample liquid will remain attached to 
the nozzle tip to make it difficult to discharge all of 
the sample liquid in the nozzle tip. Consequently, 
the volume of the sample discharged would be 
inaccurate. For dispensing an accurate volume of 
the sample, the volume of the sample collected by 
suction into the nozzle tip must be determined by 
taking into account the volume of the sample which 
will remain attached to the nozzle tip upon dis- 
charge of the sample from the nozzle tip, and this 
would require a troublesome step of preliminarily 
wetting the nozzle tip with the sample to be dis- 
pensed. 

Furthermore, the dispenser is primarily intend- 
ed for dispensing the sample. Therefore, when a 
dilution of the sample, in particular, an accurate 
dilution of the sample is required, the once dis- 
pensed sample have to be diluted with a diluting 
reagent by dispensing the reagent. 

A system which is capable of carrying out both 
the dispensing and the diluting steps is commer- 
cially available. This commercially available sys- 
tem, however, requires a manual liquid surface- 
detection, which may lead to a variation in the 
results from sample to sample. Also, the system is 
not fully automated since the the liquid surface 
detection is manually conducted. 

SUMMARY OF THE INVENTION 



An object of the present invention is to obviate 
the above-described technical problems and pro- 
vide a system for fully automatically dispensing a 
sample in a sample container to reaction vessels or 
measurement vessels such as a test tube and 
dilute the thus dispensed sample with a reagent. 

Another object of the present invention is to 
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provide a system which is capable of accurately 
dispensing and diluting the sample even when the 
sample volume is small. 

According to a first aspect of the invention, 

5 there is provided an automated system for dispens- 
ing and diluting a sample comprising 
a removable nozzle tip for collecting a predeter- 
mined volume of the sample, the nozzle tip being 
inserted into the sample to collect the sample by 

/o suction; 

a nozzle comprising an inner tube and an outer 
tube onto which said nozzle tip is removably moun- 
ted, said nozzle having a liquid passage through 
which a reagent flows and a gas passage through 

75 which a liquid surface-detecting gas flows, defined 
within the inner tube and between the inner and 
outer tubes, and said liquid passage and said gas 
passage are in communication with the interior of 
said nozzle tip; 

20 a sample pump for sucking and discharging the 
sample and the reagent into and out of the nozzle 
tip; 

a first three-way valve located in an array of tub- 
ings connecting said sample pump, said nozzle 

25 and a reagent bottle, said first three-way valve 
being switched to the side of the reagent bottle to 
communicate said reagent bottle with said sample 
pump or to the side of the nozzle to communicate 
said sample pump with said nozzle; 

30 a plunger pump for sucking and discharging a 
liquid surface-detecting gas supplied from a gas 
source; 

a second three-way valve located in an array of 
tubings connecting said plunger pump, said nozzle 

35 and said gas source, said second three-way valve 
being switched to the side of said gas source to 
communicate said gas source with said plunger 
pump or to the side of said nozzle to communicate 
said plunger pump with the nozzle; 

40 a pressure sensor provided between said second 
three-way valve and said gas passage in said noz- 
zle; and 

a two-way valve provided between said pressure 
sensor and said gas passage of said nozzle, and in 

45 the vicinity of said nozzle. 

According to a second aspect of the present 
invention, there is provided a system according to 
the first aspect of the invention further comprising 
a controller for controlling said first three-way valve, 

50 said second three-way valve and said two-way 
valve in response to signals from said pressure 
sensor; and 

a controller for controlling said sample pump and 
said plunger pump in response to signals from said 
55 pressure sensor. 

According to a third aspect of the invention, 
there is provided a system according to the first or 
second aspect of the invention further comprising 

3 
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an X-Y table comprising a sample section wherein 
one or more containers accommodating said sam- 
ple are aligned in rows, a nozzle tip section 
wherein one or more said nozzle tips are aligned in 
rows, and a test tube section wherein one or more 
test tubes into which said sample is dispensed are 
aligned in rows; 

a means for traveling said nozzle in vertical direc- 
tion; 

an X-Y traveling means for moving said vertically 
traveling means in transverse X-Y directions over 
said X-Y table, said X-Y traveling means supporting 
said vertically traveling means; and 
a means for supporting said X-Y traveling means. 

In the above-described three aspects of the 
present invention, the nozzle tip may preferably be 
a disposable nozzle tip, and the liquid surface- 
detecting gas may preferably be air, 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of an automated 
dispensing and diluting system according to an 
embodiment of the present invention; 
FIG. 2 is a perspective view of an automated 
dispensing and diluting system according to an 
embodiment of the present invention; and 
FIG. 3 is a top plan view of an X-Y table em- 
ployed in the automated dispensing and diluting 
system according to an embodiment of the 
present invention. 
Before explaining the embodiments of the in- 
vention in detail, it is to be understood that the 
invention is not limited in its application to the 
details of construction and the arrangement of 
components as set forth in the following description 
or as illustrated in the accompanying drawings. The 
invention is capable of other embodiments and of 
being practiced or carried out in various ways. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

An automated system for dispensing and dilut- 
ing a sample in accordance with the present inven- 
tion is hereinafter described in detail by referring to 
a preferred embodiment illustrated in the accom- 
panying drawings. 

Referring to FiG. 1, there is schematically illus- 
trated an automated dispensing and diluting sys- 
tem 10 according to first and second aspects of the 
present invention. 

As shown in FIG. 1 , the automated dispensing 
and diluting system 10 in accordance with the 
present invention comprises a nozzle tip 12, a 
nozzle 14, a sample pump 16 comprising a plunger 
16a and a cylinder 16b, a first three-way valve 18, 
a plunger pump 20 comprising a plunger 20a and a 
cylinder 20b, a second three-way valve 22, a pres- 
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sure sensor 24, a two-way vaive 26, and flexible 
tubings 28 and 30. The automated dispensing and 
diluting system 10 may further comprise a control- 
ler 32. 

5 The nozzle tip 12 may have any desired con- 

figuration and any desired inner volume insofar as 
the nozzle tip 12 is tapered at its lower end portion 
to hold a predetermined volume of a sample 11 
therein. Preferably, the nozzle tip 12 is removably 

w mounted onto the nozzle 14, and therefore, the 
nozzle tip 12 may preferably be a disposable noz- 
zle tip. The volume of the sample 1 1 sucked in the 
nozzle tip 12 may be determined by suitably se- 
lecting the inner volume of the sample pump 16, 

75 which is defined by the plunger 16a and the cyl- 
inder 16b. 

The nozzle 14 comprises an inner tube and an 
outer tube. A liquid passage 14a is defined within 
the inner tube, and a reagent 13 flows through the 

20 liquid passage 14a. A gas passage 14b is defined 
between the inner tube and the outer tube, and a 
liquid surface-detecting gas 15, which is preferably 
air, flows through the gas passage 14b. The outer 
tube 14 is provided with a nozzle tip-mounting 

25 portion 14c at its lower end. The nozzle 14 is 
provided at its upper end with an inlet 14d for the 
liquid passage 14a and an inlet 14e for the gas 
passage 14b. As described above, the nozzle tip 

12 is removably mounted on the nozzle 14 at the 
30 nozzle tip-mounting portion 14c. For the purpose of 

attaining a high precision, the nozzle tip 12 is air- 
tightly mounted to the nozzle 14. 

The sample pump 16, which comprises the 
plunger 16a and the cylinder 16b, is provided for 
35 the suction and the discharge of a predetermined 
volume of the sample 1 1 as well as a predeter- 
mined volume of reagent 13. The sample pump 16 
first sucks a predetermined volume of the reagent 

13 from a reagent bottle 34 by the downward 
40 movement of the plunger 16a in relation to the 

cylinder 16b, and fills the first three-way vafve 18, 
the flexible tube 28, and the liquid passage 14a of 
the nozzle 14 with the reagent 13 by the upward 
movement of the plunger 16a in relation to the 

45 cylinder 16b. The sample pump 16 then actuates 
to suck the sample 11 in the sample container 36 
into the nozzle tip 12 and to discharge the sample 
11 from the nozzle tip 12 into a test tube 54 by the 
downward and upward movements of the plunger 

so 16a in relation to the cylinder 16b. The suction and 
the discharge of the sample 11 into and out of the 
nozzle tip 12 is carried out via the reagent 13 
within the tubing and the liquid passage 14a of the 
nozzle 14 and the liquid surface-detecting gas 15 

55 within the nozzle tip 12. After the discharge of the 
sample 1 1 from the nozzle tip 1 2, the sample 
pump 16 may actuate to drop a predetermined 
volume of the reagent 13 onto the interior of the 
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tapered lower end portion of the nozzle tip 12 to 
wash off the sample 11 remaining in the nozzle tip 
12. The sample 11 is thereby dispensed and dilut- 
ed with the reagent 13. For the purpose of achiev- 
ing a more complete discharge of the sample 11 
and the reagent 13 from the nozzle tip 12, the 
plunger pump 20 may be actuated to discharge the 
gas 15, preferably the air, from the gas passage 
14b of the nozzle 14 to completely discharge both 
the liquids remaining at the lower end of the nozzle 
liquid passage 14a and the liquids remaining on 
the interior and at the lower end of the nozzle tip 
12. 

The first three-way valve 18 is situated in an 
array of tubings connecting the sample pump 16, 
the nozzle 14 and a reagent bottle 34. The first 
three-way valve 18 may be switched to the side of 
the reagent bottle 34 to allow the reagent 13 to flow 
from the reagent bottle 34 to the sample pump 16, 
or to the side of the nozzle 14 to allow the reagent 
to flow through the passage from the sample pump 
16 to the nozzle 14. When the reagent 13 is freshly 
sucked into the sample pump 16, the first three- 
way valve 18 terminates the flow of the reagent 13 
from the sample pump 16 to the nozzle 14 and 
communicates the reagent bottle 34 with the sam- 
ple pump 16. During the suction and the discharge 
of the sample 11 into and out of the nozzle tip 12 
and the discharge of the reagent 13 from the 
nozzle tip 12, the first three-way valve 18 termi- 
nates the flow of the reagent 13 from the reagent 
bottle 34 to the sample pump 16 and commu- 
nicates the sample pump 16 and the liquid pas- 
sage 14a of the nozzle 14. 

The plunger pump 20 comprises the plunger 
20a and the cylinder 20b. The plunger pump 20 is 
provided for two major purposes. First, the plunger 
pump 20 actuates to discharge the liquid surface- 
detecting gas 15 from the nozzle tip 12 so that, 
upon contact of the lower end of the downward 
moving nozzle tip 12 with the liquid surface, the 
pressure of the liquid surface-detecting gas 15 
within the nozzle tip 12 is increased and the pres- 
sure sensor 24 detects this pressure increase. Sec- 
ondly, the plunger pump 20 actuates to discharge 
the gas 15 from the gas passage 14b for the 
purpose of a complete discharge of the sample 11 
and the reagent 13 remaining at the lower end of 
the nozzle tip 12 after the discharge of the sample 
1 1 and the reagent 13. 

The second three-way valve 22 is located in an 
array of tubings connecting the plunger pump 20, 
the nozzle 14 and a gas source (not shown). The 
second three-way valve 22 may be switched to the 
side of the gas source such as atmosphere to allow 
for the gas 15, which is typically air, to flow from 
the gas source to the plunger pump 20, or to the 
side of the nozzle 14 to allow the gas to flow from 



the plunger pump 20 to the nozzle 14. When the 
gas 15 is freshly sucked into the plunger pump 20, 
the second three-way valve 22 terminates the flow 
of the gas 15 from the plunger pump 20 to the 

5 nozzle 14 and communicates the gas source, typi- 
cally atmosphere, with the plunger pump 20. Dur- 
ing the discharge of the gas 15 from the nozzle tip 
12 for the detection of the liquid surface or the 
complete removal of the liquids remaining attached 

w to the nozzle tip 12, the second three-way valve 20 
terminates the flow of the gas from the gas source 
or atmosphere to the plunger pump 20 and com- 
municates the plunger pump 20 with the gas pas- 
sage 14b of the nozzle 14. 

75 The pressure sensor 24 is provided between 

the second three-way valve 22 and the two-way 
valve 26 for the purpose of measuring a pressure 
deviation of the liquid surface-detecting gas. The 
type of the pressure sensor 24 is not particularly 

20 limited insofar as it can detect the pressure exerted 
by the plunger pump 20 upon contact of the lower 
end of the nozzle tip 12 with the surface of the 
sample 11 resulting in a blockage of the gas pas- 
sage from the nozzle tip 12, the gas passage 14b 

25 of the nozzle 14, the two-way valve 26, the flexible 
tube 30, the second three-way valve 22, and the 
plunger pump 20. Any pressure sensor of known 
type may be used including those measuring an 
absolute pressure and a gauge pressure 

30 (differential pressure), and those capable of pro- 
ducing a signal indicating the detection of the liquid 
surface by changing an electric output signal at a 
predetermined pressure. Exemplary pressure sen- 
sors include a strain gauge, a semiconductor 

35 gauge, and a piezo element. 

The two-way valve 26 is an on-off valve, and is 
provided between the pressure sensor 24 and the 
nozzle 14, and in the vicinity of the inlet 14e of the 
gas passage 14b. The two-way valve 26 is closed 

40 except for during the detection of the liquid surface 
and during the complete discharge of the sample 
and the reagent remaining attached to the nozzle 
tip 12. 

The flexible tube 28 connects the first three- 
45 way valve 18 and the inlet I4d of the liquid pas- 
sage 14a of the nozzle 14. The flexible tube 30 
connects the two-way valve 26 and a T coupler 25 
onto which the pressure sensor 24 is connected. 
Since the nozzle 14 travels both in vertical direc- 
50 tion, namely Z direction and in transverse direc- 
tions, namely X-Y directions as will be described 
later, the tubes 28 and 30 may preferably have a 
sufficient length as well as a sufficient flexibility to 
avoid excess elongation of the tube and to prevent 
55 the tube from being folded to result in the blockage 
of the tube. 

As described above, the automated dispensing 
and diluting system of the present invention com- 
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prises a liquid surface-detecting system and a 
dispensing/diluting system. 

Among the components described above, the 
plunger pump 20, the second three-way valve 22, 
the pressure sensor 24, the tube 30, the two-way 
valve 26, the gas passage 14b of the nozzle 14, 
and the nozzle tip 12 constitute the liquid surface- 
detecting system. 

On the other hand, the sampling pump 16, the 
first three-way valve 18, the tube 28, the liquid 
passage 14a of the nozzle 14, and the nozzle tip 
12 constitute the dispensing/diluting system. 

The most characteristic feature of the auto- 
mated dispensing and diluting system 10 in accor- 
dance with the present invention resides in that the 
suction of the sample 1 1 by the sample pump 16 is 
carried out mainly through the reagent 13 while the 
two-way valve 26 is closed. In the present system, 
the gas or the air, which is a fluid susceptible to 
compression, is present only within the nozzle tip 
12, the gas passage 14b of the nozzle 14, and the 
tubing between the inlet 14e of the gas passage 
14b and the two-way valve 26, and the suction of 
the sample 11 is thus carried out mainly through 
the reagent 13, which is a non-compressible liquid. 
Accordingly, pressure of the gas 15 within the 
nozzle tip 12 at the time of the suction as well as 
the volume of the sample 11 sucked into the noz- 
zle tip 12 can be readily and accurately controlled. 
Furthermore, since the sample 11 sucked into the 
nozzle tip 12 is first discharged by the pressure 
exerted by the sample pump 16, and then washed 
off by the reagent 13 dripping onto the interior 
surface of the tapered lower end portion of the 
nozzle tip 12, and finally blown off by the gas 
supplied by the plunger pump 20, the volume of 
the sample discharged is accurate to consistently 
ensure an accurate volume of the sample to be 
dispensed. 

The controlier 32 controls the motion of the 
first three-way valve 18, the second three-way 
valve 22 and the two-way valve 26, and the vertical 
movement of the nozzle 14 in Z direction as well 
as their relative movements in response to the the 
signal from the pressure sensor 24 produced on 
the bases of the pressure of the liquid surface- 
detecting gas. The controller 32 may comprise a 
central processing unit. The controller 32 may also 
control the timing, the volume and the speed of the 
suction/discharge of the sample pump 16 and the 
plunger pump 18, and further, the three dimen- 
sional movements of the nozzle 14 in X, Y and 2 
directions. The control of the pumps 16 and 20 and 
the control of the nozzle 14 may be accomplished 
separately from the control of the valves 1 8, 22 and 
26 by providing additional controllers. 

The construction of the automated dispensing 
and diluting system in accordance with the first and 
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the second aspects of the present invention has 
been described in the foregoing. An automated 
dispensing and diluting system in accordance with 
the third aspect of the invention is illustrated in 
5 FIG. 2. 

The automated dispensing and diluting system 
10 shown in FIG. 2 comprises a section 42 for 
accommodating the above-described components, 
and a base 44 extending in horizontal direction 

10 from the bottom of the accommodating section 42, 
said accommodating section 42 and said base con- 
stituting a main part 40 of the system, an X-Y table 
46 disposed on the base 44, a nozzle-traveling 
means 48 for moving said nozzle 14 over the X-Y 

75 table 46 in X, Y and 2 directions. 

Referring to FIG. 3, the X-Y table 46 comprises 
a sample section 50 wherein one or more sample 
specimen containers 36 accommodating said sam- 
ple specimen 1 1 are aligned in rows, a nozzle tip 

20 section 52 wherein one or more said nozzle tips 12 
are aligned in rows, and a test tube section 56 
wherein one or more test tubes 54, into which the 
sample 11 and the reagent 13 are dispensed, are 
aligned in rows. 

25 The nozzle-traveling means 48 comprises two 

beams 58 and 60 extending in forward or Y direc- 
tion from forward surface of the accommodating 
section 42 at its top and on opposite ends; an arm 
62 supported between the two beams 58 and 60 

30 extending perpendicularly to the beams 58 and 60 
in X direction, the arm 62 being capable of travel- 
ing in Y direction; a clamp 63 movably grasping 
the arm 62 and a plate 64 mounted on the clamp 
63, the clamp 63 and the plate 64 being capable of 

35 traveling in X direction; a nozzle-supporting mem- 
ber 66 movably mounted on the plate 64, the 
nozzle-supporting member 66 being capable of 
traveling in Z direction along a guide 65 provided 
in plate 64; and a drive (not shown). 

40 Onto the nozzle-supporting member 66 is 

mounted the nozzle 14, and the nozzle tip 12 is 
removably mounted to the nozzle 14. In FIG. 2, 
various components shown in FIG. 1 are not shown 
except for the nozzle 14 and the nozzle tip 12, and 

45 the components other than the nozzle 14 and the 
nozzle tip 12 are either accommodated in the ac- 
commodating section 42 or abbreviated for drawing 
convenience. 

The plate 64 extends vertically, and the guide 

so 65 is provided in the plate 64 along its longitudinal 
axis. The plate 64, the guide 65, the nozzle-sup- 
porting member 66, and the drive (not shown) 
constitute a means for traveling the nozzle 14 in 
vertical direction. 

55 The plate 64 is fixedly secured to the clamp 

63. The clamp 63, the arm 62 and the drive (not 
shown), which is typically a wire drive, constitute a 
means for traveling the nozzle 14 in X direction. 

6 
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The arm 62, the beams 58 and 60, and the drive 
(not shown), which is also typically a wire drive, 
constitute a means for traveling the nozzle 14 in Y 
direction. These means for traveling the nozzle 14 
in X and Y directions constitute a means for travel- 
ing the nozzle in X-Y directions. The nozzle-travel- 
ing means 48 comprises the X-Y traveling means 
and the vertically traveling means. 

The drive (not shown) of the nozzle-traveling 
means 48 may comprise any conventional drive of 
known type, such as a wire with a pulley, a rack 
with a pinion, or the like. 

The sample which may be used in the present 
invention is not limited to any particular type. The 
samples used are preferably those used in im- 
munoreactions such as serum, plasma, urine, and 
other body fluids. 

The reagents which may be used in the 
present invention are, for example, purified water 
for dilution, and reagents which will be required in 
the subsequent reaction and which may be added 
beforehand. Typical reagents used are physiologi- 
cal saline and a buffer solution having bovine se- 
rum albumin added thereto. 

The liquid surface-detecting gas used in the 
present invention is not limited to any particular 
type insofar as the gas is inert with the sample 
specimen and the reagent, and is capable of trans- 
mitting a minute change of pressure. Exemplary 
gases include air, nitrogen gas, and other inert 
gases, among which the air being the most prefer- 
able for its low cost requiring no special installation. 

The automated dispensing and diluting system 
in accordance with the present invention is an 
important unit which constitutes an immunological 
measurement system together with an im- 
munoreaction apparatus and a measuring appara- 
tus. The present system may automatically and 
accurately dispense the sample into the test tubes 
and dilute the thus dispensed sample with the 
reagents, so that an immunoreaction may take 
place within the test tube in the immunoreaction 
apparatus. 

The automated dispensing and diluting system 
of the present invention basically has a construc- 
tion as set forth above. The operation of the auto- 
mated dispensing and diluting system of the 
present invention is hereinafter described. 

At first, the nozzle 14 of the automated dis- 
pensing and diluting system 10 is at its home 
position. The nozzle tip 12 is not yet mounted. 

When a start switch is turned on, the arm 62 
and the clamp 63 shown in FIG. 2 travel in trans- 
verse directions, that is, X and Y directions over 
the X-Y table 46 to the nozzle tip section 52 of the 
X-Y table 46 shown in FIG. 2. The nozzle 14 stops 
at the nozzle tip-mounting position. The nozzle 14 
then moves downward along the guide 65 so that 



the nozzle tip 12 is mounted to the nozzle 14. 

After completion of the mounting of the nozzle 
tip 12 onto the nozzle 14, the nozzle 14 together 
with the nozzle tip 12 moves upward along the 

5 guide 65 to the uppermost position of the guide 65. 

Next, the nozzle 14 again travels over the X-Y 
table 46 by the X-Y traveling means to the sample 
section 50 of the X-Y table 46, and stops at the 
sample collecting position upon the sample con- 

w tainer 36. 

By this moment, the plunger pump 20 has 
already sucked a predetermined volume of the air 
15 therein, and the second three-way valve 22 has 
been switched to the nozzle side to allow the air to 

15 flow from the plunger pump 20 to the nozzle 14. 
The two-way valve 26 has been opened. The sam- 
ple pump 16 has already sucked a predetermined 
volume, for example, 200 y.\ of the reagent 13 
therein, and the first three-way valve 18 has been 

20 switched to the nozzle side to allow the reagent 13 
to flow through the passage between the sample 
pump 16 and the nozzle 14. The liquid passage 
has been filled with the reagent 13. 

Next, the nozzle 14 starts to move downward 

25 by the vertically traveling means. At the same time, 
the plunger pump 20 actuates to discharge the air 
15 within the cylinder 20b by the upward move- 
ment of the plunger 20a. The air 15 discharged 
from the plunger pump 20 flows through the sec- 

30 ond three-way valve 22, the pressure sensor 24, 
the two-way valve 26, the gas passage 14b, and 
the nozzle tip 12, and is discharged from the lower 
end of the nozzle tip 12. 

When the lower end of the nozzle tip 12 con- 

35 tacts the surface of the sample 11, the pressure 
within the nozzle tip 12 is increased. The pressure 
sensor 24 then detects this pressure increase. 

When the pressure sensor 24 detects a pre- 
determined level of the pressure increase, it out- 

40 puts a signal to indicate that the liquid surface has 
been detected. When this liquid surface-detection 
signal is output by the pressure sensor 24, the 
plunger pump 20 stops its motion to terminate the 
discharge of the air 15, and consequently the pres- 

45 sure increase is ceased. 

Immediately after the liquid surface detection, 
counting is started to allow the nozzle to move 
downward a predetermined distance from the posi- 
tion at which the liquid surface has been detected 

so before the nozzle 14 is stopped. The lower end of 
the nozzle tip 12 is then located the predetermined 
distance, for example, 2 to 3 mm, below the liquid 
surface. The predetermined distance is determined 
in accordance with the volume of the sample 1 1 to 

55 be dispensed and the size of the sample container 
36. 

Next, the two-way valve 26 is closed and the 
three-way valve 22 is switched to the atmosphere 
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side so that the plunger pump is in communication 
with the atmosphere. 

The sample pump 16 then actuates to suck a 
predetermined volume, for example, 50 pi of the 
sample 11 into the nozzle tip 12 by the downward 
motion of the plunger 16a in relation to the cylinder 
16b. in the meanwhile, the plunger pump 20 sucks 
in a predetermined volume of the air 15 from the 
atmosphere side. 

Upon the completion of the sucking of the 
sample 11 into the nozzle tip 12, the nozzle 14 
moves upward along the guide 65 and stops at the 
uppermost position of the guide 65. The nozzle 14 
then travels over the X-Y table by the X-Y traveling 
means to the test tube section 56 of the X-Y table 
46. The nozzle 14 stops at the discharge position 
upon the predetermined test tube 54. 

Next, the nozzle 14 moves downward to a 
predetermined position, for example, in the vicinity 
of the inlet of the test tube 54. 

The sample pump 16 then actuates and the 
plunger 16a moves upward, for example, to the 
uppermost end of the cylinder 16b to first dis- 
charge the sample 11 in the nozzle tip 12 and then 
to wash off the sample 11 remaining in the nozzle 
tip 12 with the reagent 13, which is discharged 
from the liquid passage 14a of the nozzle 14 to 
drop onto the interior of the tapered lower end 
portion of the nozzle tip 12. 

After the discharge of the predetermined vol- 
ume of the reagent 13 from the nozzle tip 12, the 
sample pump 16 stops its motion, the first three- 
way valve 18 is switched to the side of the reagent 
container 34, the second three-way valve 22 is 
switched to the side of the nozzle 14, and the two- 
way valve 26 is opened. The plunger pump 20 then 
actuates with the upward movement of the plunger 
20a to discharge the air 15 from the nozzle tip 12 
to completely discharge the sample 1 1 and the 
reagent 13 remaining at the lower end of the nozzle 
tip 12. Upon the completion of the discharge of the 
remaining liquids, the second three-way valve 22 is 
again switched to the atmosphere side. 

The sample pump 16 and the plunger pump 20 
then actuate to suck the predetermined volume, for 
example, 200 //I of the reagent 13 and the air 15, 
respectively, by the downward motion of the plung- 
ers 16a and 20a. After sucking, the pumps 16 and 
20 stop their motion. 

Both the first three-way valve 18 and the sec- 
ond three-way valve 22 are switched to the side of 
the nozzle 14. 

Next, the nozzle 14 moves upward along the 
guide 65 to stop at the uppermost position of the 
guide 65. 

Next, the nozzle 14 travels over the X-Y table 
46 to the nozzle tip removing position by the X-Y 
traveling means to remove the nozzle tip 12 from 
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the nozzle 14. The nozzle 14 then returns to its 
home position. Now, the system is prepared for the 
next dispensing operation. 

An accurate, consistent dispensing/dilution may 
5 be realized by repeating the process as described 
above. 

EFFECT OF THE INVENTION 

w As described above, in the present invention, 

the volume of the liquid surface-detecting gas used 
is minimized by the use of the nozzle comprising 
the inner and the outer tubes and by the suction of 
the sample specimen into the nozzle tip by means 

75 of the the purified water or the reagent used for 
dilution in order to realize a convenient pressure 
control during the suction to thereby establish a 
consistent, accurate suction volume. 

According to the present system, cross-con- 

20 tamination of the specimens are completely avoid- 
ed by using the disposable tips. 

Furthermore, according to the present system, 
the accurate volume of the sample sucked into the 
nozzle tip is washed out with the diluting reagent, 

25 and the liquids (the sample and the reagents) re- 
maining attached on the lower end of the nozzle tip 
are blown off by the liquid surface-detecting gas, 
which is typically the air, and therefore, a consis- 
tent, accurate volume of the sample may be dis- 

30 pensed. As a consequence, variation from system 
to system or user to user may be reduced to an 
extremely low level. 

Still further, the system of the present invention 
enables a complete automation of the dispensing 

35 as well as the dilution with an accurate diluting 
volume to significantly simplify the measurement 
process. 

Claims 

40 

1. An automated system for dispensing and dilut- 
ing a sample comprising 

a removable nozzle tip for collecting a pre- 
determined volume of the sample, the nozzle 
45 tip being inserted into the sample to collect the 

sample by suction; 

a nozzle comprising an inner tube and an outer 
tube onto which said nozzle tip is removably 
mounted, said nozzle having a liquid passage 

so through which a reagent flows and a gas pas- 

sage through which a liquid surface-detecting 
gas flows defined within the inner tube and 
between the inner and outer tubes, and said 
liquid passage and said gas passage is in 

55 communication with the interior of said nozzle 

tip; 

a sample pump for sucking and discharging 
the sample and the reagent into and out of the 

8 
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nozzle tip; 

a first three-way valve located in an array of 
tubings connecting said sample pump, said 
nozzle and a reagent bottle, said first three- 
way valve being switched to the side of the 
reagent bottle to communicate said reagent 
bottle with said sample pump or to the side of 
the nozzle to communicate said sample pump 
with said nozzle; 

a plunger pump for sucking and discharging a 
liquid surface-detecting gas supplied from a 
gas source; 

a second three-way valve located in an array 
of tubings connecting said plunger pump, said 
nozzle and said gas source, said second three- 
way valve being switched to the side of said 
gas source to communicate said gas source 
with said plunger pump or to the side of said 
nozzle to communicate said plunger pump with 
the nozzle; 

a pressure sensor provided between said sec- 
ond three-way valve and said gas passage in 
said nozzle to detect a change in the pressure 
of said liquid surface-detecting gas upon con- 
tact of said nozzle tip with the surface of the 
sample liquid; and 

a two-way valve provided between said pres- 
sure sensor and said gas passage of said 
nozzle, and in the vicinity of said nozzle. 

2. The system according to claim 1 wherein said 
nozzle tip is a disposable tip. 

3. The system according to claim 1 wherein said 
liquid surface-detecting gas is air, 

4. The system according to claim 1 further com- 
prising a controller for controlling said first 
three-way valve, said second three-way valve 
and said two-way valve in response to signals 
from said pressure sensor; and 

a controller for controlling said sample pump 
and said plunger pump in response to signals 
from said pressure sensor. 

5. The system according to any of the foregoing 
claims further comprising 

an X-Y table comprising a sample section 
wherein one or more containers accommodat- 
ing said sample are aligned in rows, a nozzle 
tip section wherein one or more said nozzle 
tips are aligned in rows, and a test tube sec- 
tion wherein one or more test tubes into which 
said sample is dispensed are aligned in rows; 
a means for traveling said nozzle in vertical 
direction; 

a means for traveling said vertically traveling 
means in transverse X-Y directions over said 



X-Y table, said X-Y traveling means supporting 

said vertically traveling means; 

and 

a means for supporting said X-Y traveling 
5 means. 
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© Automated dispensing and diluting system. 



my 



© A system (10) capable of automatically dispens- 
ing and diluting an accurate volume of a sample (11) 
is provided. The system comprises a removable 
nozzle tip (12) for collecting a predetermined volume 
of the sample (11), the nozzle tip (12) being inserted 
into the sample (11) to collect the sample by suc- 
tion; a nozzle (14) comprising an inner tube and an 
outer tube onto which said nozzle tip is removably 
mounted, said nozzle having a liquid passage (14a) 
through which a reagent flows and a gas passage 
(14b) through which a liquid surface-detecting gas 
flows defined within the nozzle; a sample pump (16) 
for sucking and discharging the sample and the 
reagent into and out of the nozzle tip; a first three- 
way valve (18) being switched to the side of the 
reagent bottle (34) to communicate said reagent 
bottle with said sample pump (16) or to the side of 
the nozzle (14) to communicate said sample pump 
(16) with said nozzle (14); a plunger pump (20) for 
sucking and discharging a liquid surface-detecting 



gas (15) supplied from a gas source; a second 
three-way valve (22) being switched to the side of 
said gas source to communicate said gas source 
with said plunger pump (20) or to the side of said 
nozzle to communicate said plunger pump (20) with 
the nozzle (14); a pressure sensor (24) provided 
between said second three-way valve and said gas 
passage in said nozzle; and a two-way vatve (26) 
provided between said pressure sensor (24) and said 
gas passage (14b) of said nozzle (14), and in the 
vicinity of said nozzle (14). 

The system may further comprise a controller 
(32) for controlling the motion of the valves, the 
pumps, and the nozzle. 

Also, the system may further comprise an X-Y 
table (46) on which sample containers (36) contain- 
ing the samples, the nozzle tips, and the test tubes 
into which the sample is dispensed are aligned in 
rows; and a means (48) for traveling the nozzle. 
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